###### Strengths and limitations of this study

-   A major strength of this study is the use of a population-based cohort of non-Indigenous and Indigenous mothers with a matched comparison cohort.

-   The exposed cohort (having an alcohol diagnosis) was identified based on standard International Classification of Diseases Revisions 9/10 codes.

-   The educational outcomes are standardised measures and comparable with national and state benchmark data.

-   Loss to follow-up is unavoidable---71.1% of the birth cohort linked to an achievement record partly because data were limited to public schools. Participation rates were also lower in the exposed versus the comparison cohorts.

-   Another limitation is the definition of the cohort---these are serious alcohol use disorders and there will be women in the comparison cohort who may use alcohol at high levels.

Introduction {#s1}
============

Improving educational achievement among disadvantaged children is a national priority in Australia.[@R1] Between 6% and 8% of Australian children do not achieve national minimum standards for reading and numeracy, with proportions around fourfold higher for Indigenous students.[@R2] School performance is influenced by a child's early development and school readiness, which are shaped by community, social, family and parental/carer factors such as education and health behaviours.[@R3]

Children of mothers with alcohol use disorders are placed at risk prenatally and through exposure to numerous environmental and psychological risk factors postnatally. Heavy prenatal alcohol exposure, in particular a binge pattern of exposure, increases the risk of a range of neurodevelopmental problems, termed fetal alcohol spectrum disorders (FAS).[@R5] Environmental risks include parental mental health problems, poor parenting skills and low supervision, family disruption and conflict, family mobility, and social isolation.[@R8] Cognitive, behavioural, emotional, social and other neuropsychological deficits are all mechanisms through which prenatal[@R5] and environmental[@R8] exposure to maternal alcohol disorders could lead to poorer academic outcomes.

Studies examining the impact of prenatal alcohol exposure on school achievement by various measures, including psychometric assessments,[@R11] parent/self-rated assessments,[@R12] teacher-rated assessments[@R12] and standardised school-based assessments,[@R14] have found that the most consistent negative association was in respect of the impact of binge drinking. Findings are mixed as to whether particular domains of learning are more strongly disrupted. In the Seattle Longitudinal Study on Alcohol and Pregnancy (offspring of mothers oversampled for heavier drinking and smoking), the most consistent effect of prenatal binge drinking was in respect to lower performance on arithmetic tests as reported at ages 7, 11 and 14, although the effects were seen in other learning domains.[@R14] In studies by Goldschmidt and colleagues based on a low-income cohort, deficits were found in mathematics, reading and spelling ability at age 6[@R11] but not in mathematics at age 10.[@R12] Howell *et al* found effects on standardised tests in mathematics but not reading or spelling at age 15.[@R19] In contrast, in a Western Australian (WA) study, O'Leary *et al* only found effects for binge drinking in the first trimester on the reading test but not on numeracy, writing or spelling at age 8--9 years.[@R20] Studies based on the Avon Longitudinal Study of Parents and Children have linked maternal binge drinking with lower overall performance on national standardised tests among 10 to 11-year-olds.[@R18] Variations between learning domains may be accounted for by methodological differences in existing studies.

This study uses routinely collected linked population-based health and education data to examine the school achievement of children of mothers who have an alcohol-related diagnosis, which is a proxy for maternal alcohol use disorder. This study overcomes problems associated with recruiting and retaining mothers with a diagnosed alcohol use disorder and their children in longitudinal studies,[@R10] and addresses many of the methodological limitations of previous studies such as classification of alcohol consumption, lack of a comparison cohort, sample bias and inconsistent adjustment for known confounders.[@R6] It was hypothesised that children of mothers with an alcohol-related diagnosis would have a significantly higher risk of failing to reach minimum education benchmarks in numeracy and literacy.

Methods {#s2}
=======

Study design {#s2a}
------------

This is a cohort study using linked population administrative data. The original birth cohort has previously been described.[@R24] All women with a birth recorded on the WA Midwives Notification System (MNS) between 1983 and 2007 were in scope. Mothers (and their offspring) are classified as being Indigenous if they have at least one record on the MNS of being either of Australian Aboriginal or Torres Strait Islander descent. [Figure 1](#F1){ref-type="fig"} shows how the study cohorts were selected for this paper.

![Flow chart of cohort selection and numbers participating in study. HMDS, Hospital Morbidity Data System; ICD, International Classification of Diseases; NAPLAN, National Assessment Program -- Literacy and Numeracy; WA, Western Australia; WALNA, Western Australian Literacy and Numeracy Assessment.](bmjopen-2016-014599f01){#F1}

Ethics approval for the conduct of the study was granted by the Princess Margaret Hospital Human Research Ethics Committee (No. 1244/EP), the WA Department of Health Human Research Ethics Committee (No. 2011/34) and the WA Aboriginal Health Ethics Committee (No. 134-04/06).

Cohort selection (exposed and comparison cohorts) {#s2b}
-------------------------------------------------

The exposed cohort comprised women who gave birth in WA between 1983 and 2007, and had an alcohol-related diagnosis according to the International Classification of Diseases Revisions 9/10 (ICD-9 or ICD-10) from the medical records coded by trained coders. The diagnosis was identified through routinely collected administrative data, including the Hospital Morbidity Data System (HMDS/hospital inpatients), mental health outpatients and the Perth-based Drug and Alcohol Office. The ICD-9 and/or ICD-10 codes included alcohol-related mental and behavioural disorders, an alcohol-related disease with 100% attributable fraction and other alcohol codes (see online [supplementary table 1](#SP1){ref-type="supplementary-material"}).[@R24] There were 8519 mothers with an alcohol-related diagnosis and 18 486 births to these mothers between 1989 and 2007.
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###### Supplementary data

The comparison cohort consisted of a random selection of mothers with a birth recorded on the MNS without an alcohol-related diagnosis recorded on any of the data sets. The comparison cohort was frequency-matched to the exposed cohort on maternal age within maternal race and year of birth of her child. The ratio of comparison to exposed cohorts was 3:1 for non-Indigenous children and 2:1 for Indigenous children. There were 38 490 comparison mothers and 48 262 comparison births between 1989 and 2007.

Measures {#s2c}
--------

### Exposure variable (maternal alcohol use diagnosis) {#s2c1}

Exposure was examined as (1) a binary variable (yes/no) and (2) the timing of recording of alcohol-related diagnosis in relation to pregnancy using a hierarchical coding as previously described.[@R24] Being classified as having a diagnosis during pregnancy did not exclude a diagnosis from also being recorded before or after pregnancy.

### School achievement data {#s2c2}

School achievement data came from the Western Australian Literacy and Numeracy Assessment (WALNA) for assessment years 1999--2007 and the National Assessment Program -- Literacy and Numeracy (NAPLAN) tests for assessment years 2008--2011. WALNA was a statewide testing programme in numeracy, writing, reading and spelling undertaken by all students in Years 3, 5 and 7 (average age 8, 10 and 12, respectively). From 2005 to 2007, numeracy, reading and writing were also assessed in Year 9. Benchmarks for minimum standards of performance in WALNA tests were provided by the WA Department of Education.

NAPLAN is a national testing programme that has been administered annually since 1998 to all students in Years 3, 5, 7 and 9 (average age 8.5, 10.5, 12.5 and 14.5 years, respectively). NAPLAN provides a single scale of achievement across 10 bands from Years 3--9 in aspects of reading, writing, language conventions (spelling and grammar) and numeracy. Scoring in band 1 in Year 3, bands 1--3 in Year 5, bands 1--4 in Year 7 and bands 1--5 in Year 9, or being exempt (eg, students with language background other than English or a disability), was classified as not meeting the benchmark for national minimum standards.[@R25]

The birth cohort data were linked with the WA Department of Education data (public schools only) by the WA Data Linkage Unit using probabilistic matching techniques.[@R26] Data were successfully linked to at least one achievement record for 71.1% of children. Participation in WALNA and NAPLAN testing was higher in non-Indigenous students compared with Indigenous students, and lower among children of mothers with an alcohol diagnosis than children in the comparison cohort ([table 1](#T1){ref-type="table"}). The relative difference in participation between children of mothers with an alcohol diagnosis and those of comparison mothers was higher among Indigenous students (range: 3.1%**--**8.6% compared with 1.2%**--**2.6% among non-Indigenous students). Participation was lowest for Indigenous children of mothers with an alcohol diagnosis during NAPLAN testing (74.2%**--**77.8%).

###### 

Proportion of children participating in the WALNA and NAPLAN testing in Years 3, 5, 7 and 9 by Indigenous status and cohort

  Testing domain         Non-Indigenous   Indigenous          
  ---------------------- ---------------- ------------ ------ ------
  WALNA 1999--2007                                            
  Numeracy               96.6             97.8         90.3   93.4
  Reading                95.4             97.2         83.6   89.6
  Writing                94.7             96.4         80.3   86.6
  Spelling               96.5             97.8         85.4   91.1
  NAPLAN 2008--2011                                           
  Numeracy               93.6             96.2         74.2   82.3
  Reading                94.1             96.5         75.2   83.8
  Writing                94.4             96.5         76.2   84.3
  Language conventions   94.6             96.7         77.8   85.2

Notes: In WALNA testing, participation is estimated as the proportion who took the test over the total number of eligible students (either participated or absent). In NAPLAN testing, participation was estimated as the proportion of all assessed or exempt students over the total number of eligible students, including those who were absent or withdrawn. In NAPLAN testing, exempt students (who may have significant intellectual disability or a language background other than English) are classified as being below national minimum standard. Parents can apply to withdraw their child from NAPLAN testing on the basis of religious beliefs or philosophical objections.

NAPLAN, National Assessment Program -- Literacy and Numeracy; WALNA, Western Australian Literacy and Numeracy Assessment.

Overall, 45 697 children had participated in at least one test in the follow-up period. WALNA and NAPLAN test results were combined with a maximum of four test results per child (a maximum of four for WALNA and four for NAPLAN). When combined, 9173 students had one test result, 12 167 had two test results, 10 771 had three test results and 13 586 had four test results. There were 7804 exposed non-Indigenous children and 4887 exposed Indigenous children in the exposed cohort.

Three times the proportion of Indigenous mothers (2.6%) compared with non-Indigenous mothers (0.8%) had an alcohol diagnosis record during pregnancy. The proportions of non-Indigenous and Indigenous mothers with an alcohol diagnosis 'greater than 1 year prepregnancy' were 6.4% and 5.2%, 'up to 1 year prepregnancy' were 1.7% and 2.2%, 'up to 1 year postpregnancy' were 0.9% and 1.7%, and 'greater than 1 year postpregnancy' were 16.2% and 19.3%, respectively.

### Confounding variables {#s2c3}

Child factors included were gender, preterm birth (born \<37 weeks' gestation) and low birth weight (\<2500 g). Maternal factors included were parity and marital status, WA health region, and the Australian Bureau of Statistics Socio-Economic Index for Areas (SEIFA), both based on postcode of residential address at the time of the birth. Analyses were further adjusted for maternal mental health diagnosis (ICD-9/ICD-10 codes on the HMDS or the mental health outpatient data) and maternal record of illicit drug diagnosis recorded on either the HMDS, mental health outpatients and/or the Drug and Alcohol data set. Smoking status during pregnancy was available on the MNS from 1998.

Analysis {#s2d}
--------

All analyses were run separately for non-Indigenous and Indigenous children. The frequency matching variables and all confounders were included on the basis of significance in univariate testing. Missing data for SEIFA were included as categories, whereas cases with missing data for marital status and birth weight were dropped in modelling. The significance of differences in the distribution of maternal and child characteristics between those with a maternal alcohol diagnosis and those without was determined using a χ^2^ test.

Initially, the relationship between maternal alcohol-related diagnosis and failure to attain WALNA and NAPLAN benchmarks for each domain was assessed with conditional logistic regression using PROC LOGISTIC in SAS V.9.4.

The combined benchmark data were then modelled using the GLIMMIX procedure in SAS with a random intercept per child. As there were siblings included, we also tested a nested random effect of child within family, but this made no difference to the results. First, an interaction was modelled between exposure and testing year to produce estimates for the exposed versus comparison cohorts in each testing year. Second, the effect of the timing of maternal alcohol-related diagnosis on achieving benchmarks was tested. The significance of the difference in adjusted OR (aOR) between non-Indigenous and Indigenous groups was determined by calculating CIs for the difference between estimates. The predicted probabilities reported in [figure 2A--D](#F2){ref-type="fig"} have been computed using the LSMEANS statement in PROC GLIMMIX for ethnicity by maternal alcohol exposure by year of testing. These values represent the predicted probability of not meeting the benchmark by Indigenous status and alcohol exposure while using the average value across the cohort for all other variables in the model. As such these marginal probabilities model the average probabilities in the specified groups.

![Predicted probability of children not reaching benchmarks in numeracy, reading, writing and spelling among exposed versus comparison children by Indigenous status and testing domain.](bmjopen-2016-014599f02){#F2}

Sensitivity analysis was conducted to determine whether adjustment for smoking status altered the findings for the years in which smoking status was available (1998 onwards). This meant restricting the analysis to NAPLAN tests only for years 3, 5 and 7.

Results {#s3}
=======

Maternal and child characteristics {#s3a}
----------------------------------

A higher proportion of mothers with an alcohol diagnosis than comparison mothers were never married (p\<0.001) ([table 2](#T2){ref-type="table"}). Among non-Indigenous mothers, higher proportions of mothers with an alcohol diagnosis lived in more disadvantaged areas compared with comparison mothers, which was not the case for Indigenous mothers. There was, however, a higher proportion of Indigenous mothers with an alcohol diagnosis with missing information for SEIFA. A higher proportion of mothers with an alcohol diagnosis had a record of illicit drug diagnosis, mental disorder diagnosis and maternal smoking during pregnancy than comparison mothers (all contrasts significant at p\<0.001). Mothers with an alcohol diagnosis had a higher parity than comparison mothers, and a higher proportion of their births were low birth weight and preterm (all contrasts significant at p\<0.001).

###### 

Characteristics of those who participated in either a WALNA or NAPLAN test between 1989 and 2007 (n=45 697 children) for exposed and comparison cohorts by Indigenous status

  Variable                                      Non-Indigenous   Indigenous            
  -------------------------------------------- ----------------- ------------ -------- --------
  Maternal age                                                                         
   \<20 years                                  12.4              12.6         25.2     24.4
   20--24 years                                29.5              29.3         34.3     34.2
   25--29 years                                29.2              28.8         23.6     24.2
   30+ years                                   28.9              29.2         16.9     17.2
  Child's year of birth                                                                
   1989--1993                                  34.6              34.3         36.4     34.6
   1994--1998                                  36.5              35.6         36.0     35.5
   1999--2003                                  29.0              30.0         27.6     30.0
  Maternal characteristics during pregnancy                                            
  Marital status                                                                       
   Married                                     73.7              85.8         60.0     66.5
   Never married                               22.8              13.4         37.5     31.5
   Separated/divorced/widowed                  3.1               0.8          1.9      1.6
   Missing\*                                   0.3               0.1          0.6      0.4
  SEIFA -- area of residence                                                           
    Most disadvantaged \>10%                   3.7               6.5          0.2      0.5
   10 to \<25%                                 8.9               12.0         1.0      1.8
   25 to \<50%                                 18.6              22.4         5.0      7.4
   50 to \<75%                                 25.3              24.7         13.5     17.3
   75 to \<90%                                 19.6              15.8         19.0     21.6
    Most disadvantaged 10%                     15.8              9.9          29.6     30.3
   Missing\*                                   8.2               8.6          31.7     21.0
  Health service region                                                                
   Perth metro                                 71.7              72.3         32.2     34.0
   Rural/remote                                28.3              27.7         67.8     66.0
  Illicit drug use record                      39.4              1.7          25.3     5.4
  Mental disorder (other than substance use)   53.3              9.1          32.9     12.6
  Maternal smoking                             51.8              22.2         66.6     44.3
  Parity                                                                               
   0                                           38.8              49.2         23.7     28.9
   1                                           30.3              31.4         21.8     24.0
   2                                           17.6              13.1         19.6     18.5
   3+                                          13.3              6.2          34.8     28.5
  Child characteristics                                                                
  Male                                         49.1              49.1         49.9     48.7
  Low birth weight (\<2500 g)\*                9.8               5.4          17.7     9.5
  Preterm (gestational age \<37 weeks)         9.7               6.0          16.3     10.2
  School achievement                                                                   
  Number of tests (observations)               21 385            60 716       11 061   27 002
  Mean number of tests                         2.74              2.75         2.26     2.48

Note: Maternal smoking is restricted to birth years from 1998 onwards (n=17 631).

\*117 missing cases for marital groups; 3 missing cases for birth weight; 6379 missing cases for SEIFA.

NAPLAN, National Assessment Program -- Literacy and Numeracy; SEIFA, Socio-Economic Index for Areas; WALNA, Western Australian Literacy and Numeracy Assessment.

Educational benchmarks by testing year {#s3b}
--------------------------------------

For all tests the proportion of children failing to meet benchmarks was higher in the exposed than comparison cohorts ([table 3](#T3){ref-type="table"}). Proportions not meeting benchmarks were higher for Indigenous than non-Indigenous children in both cohorts. Before adjustment for confounding, the odds of failing to achieve the benchmarks were similar for both non-Indigenous and Indigenous children of mothers with an alcohol diagnosis and indicated an increased likelihood of failure ranging between 1.5 and 2.3 times higher than comparison children. After adjustment for confounders, children of mothers with an alcohol diagnosis had greater odds of failing to reaching benchmark status than comparison children ([table 4](#T4){ref-type="table"}). The ORs of not meeting benchmarks in the exposed cohort ranged from 1.2 to 1.6 among non-Indigenous children and from 1.4 to 2.0 among Indigenous children. The highest ORs at Year 9 for non-Indigenous children were in reading (aOR 1.6, 95% CI 1.4 to 1.8) and in writing for Indigenous children (aOR 2.0, 95% CI 1.8 to 2.3). The odds of failing to meet benchmarks in exposed versus comparison cohorts were significantly higher among Indigenous children than non-Indigenous children at all testing years for writing, at Years 3, 5 and 7 for numeracy and spelling, and at Year 7 for reading.

###### 

Proportions not meeting WALNA and NAPLAN benchmarks and ORs of not reaching benchmark in the exposed versus comparison cohorts by Indigenous status and testing domain

            Non-Indigenous   Indigenous                                    
  --------- ---------------- ------------ ------------------ ------ ------ ------------------
            Numeracy                                                       
  WALNA                                                                    
  Year 3    18.1             12.1         1.6 (1.5 to 1.8)   52.0   39.8   1.7 (1.5 to 1.9)
  Year 5    21.1             13.3         1.8 (1.6 to 2.0)   65.1   50.7   1.6 (1.5 to 1.8)
  Year 7    29.0             19.0         1.8 (1.6 to 1.9)   76.6   62.4   2.0 (1.7 to 2.2)
  Year 9†   19.7             11.8         1.8 (1.6 to 2.1)   64.5   48.5   1.9 (1.6 to 2.4)
  NAPLAN                                                                   
  Year 3    10.8             6.4          1.8 (1.5 to 2.1)   37.6   25.1   1.8 (1.6 to 2.2)
  Year 5    12.2             7.4          1.8 (1.5 to 2.1)   46.8   33.5   1.7 (1.5 to 2.0)
  Year 7    8.1              4.0          2.1 (1.7 to 2.7)   36.5   24.6   1.8 (1.5 to 2.1)
  Year 9    12.7             6.5          2.1 (1.7 to 2.5)   48.6   31.5   2.0 (1.7 to 2.5)
            Reading                                                        
  WALNA                                                                    
  Year 3    10.3             6.4          1.7 (1.5 to 1.9)   33.0   26.0   1.4 (1.3 to 1.6)
  Year 5    14.0             8.9          1.7 (1.5 to 1.9)   52.9   40.9   1.6 (1.5 to 1.8)
  Year 7    23.9             16.1         1.7 (1.5 to 1.8)   75.6   61.4   1.9 (1.7 to 2.2)
  Year 9†   16.9             9.9          1.9 (1.6 to 2.2)   64.2   49.4   1.8 (1.5 to 2.2)
  NAPLAN                                                                   
  Year 3    14.6             8.4          1.9 (1.6 to 2.2)   44.2   31.0   1.8 (1.5 to 2.1)
  Year 5    17.9             11.4         1.7 (1.5 to 2.0)   60.8   46.2   1.8 (1.6 to 2.1)
  Year 7    10.7             6.0          1.9 (1.5 to 2.2)   45.6   31.6   1.8 (1.5 to 2.1)
  Year 9    17.5             9.4          2.1 (1.8 to 2.4)   61.9   41.6   2.3 (1.9 to 2.8)
            Writing                                                        
  WALNA                                                                    
  Year 3    21.3             14.0         1.7 (1.5 to 1.9)   54.8   44.1   1.6 (1.5 to 1.8)
  Year 5    18.9             12.6         1.6 (1.5 to 1.8)   60.9   46.4   1.8 (1.6 to 2.0)
  Year 7    26.6             18.6         1.6 (1.5 to 1.8)   70.9   55.3   2.0 (1.8 to 2.3)
  Year 9†   15.3             10.0         1.6 (1.3 to 2.0)   52.7   37.6   1.9 (1.5 to 2.3)
  NAPLAN                                                                   
  Year 3    8.9              5.2          1.8 (1.5 to 2.2)   46.8   30.7   2.0 (1.8 to 2.4)
  Year 5    15.8             9.7          1.8 (1.5 to 2.1)   57.7   42.4   1.9 (1.6 to 2.2)
  Year 7    15.4             8.6          1.9 (1.6 to 2.3)   58.5   40.3   2.1 (1.8 to 2.4)
  Year 9    24.1             13.9         2.0 (1.7 to 2.3)   69.6   50.8   2.2 (1.8 to 2.7)
            Spelling‡                                                      
  WALNA                                                                    
  Year 3    25.0             16.9         1.7 (1.5 to 1.8)   61.5   48.9   1.7 (1.6 to 2.0)
  Year 5    26.4             17.8         1.7 (1.5 to 1.8)   67.0   52.2   1.9 (1.7 to 2.1)
  Year 7    31.5             23.1         1.5 (1.4 to 1.7)   71.6   57.9   1.8 (1.6 to 2.1)
  NAPLAN                                                                   
  Year 3    16.7             10.0         1.8 (1.6 to 2.1)   55.6   38.7   2.0 (1.8 to 2.4)
  Year 5    16.1             10.0         1.8 (1.5 to 2.0)   53.6   36.4   2.1 (1.8 to 2.4)
  Year 7    14.8             8.0          2.0 (1.7 to 2.4)   48.1   33.5   1.8 (1.6 to 2.1)
  Year 9    20.6             12.9         1.8 (1.5 to 2.0)   55.7   40.6   1.8 (1.5 to 2.2)

**\***Conditional analysis using logistic procedure adjusted for frequency matching variables maternal age and child's year of birth.

†Year 9 WALNA for 2004--2007 for numeracy and reading; from 2005 to 2007 for writing.

‡There were no spelling tests conducted under WALNA for Year 9 students.

NAPLAN, National Assessment Program -- Literacy and Numeracy; WALNA, Western Australian Literacy and Numeracy Assessment.

###### 

Binary mixed model: aOR of not reaching NAPLAN or WALNA benchmarks by Indigenous status, testing domain and testing year

  Maternal alcohol diagnosis versus no diagnosis by year   Non-Indigenous          Indigenous              Significance of difference in aOR\*                  
  -------------------------------------------------------- ----------------------- ----------------------- ------------------------------------- -------------- ----------
                                                           Numeracy                                                                                             
                                                           n=80 442 observations   n=35 102 observations                                                        
  Year 3                                                   1.2                     (1.1 to 1.3)            1.6                                   (1.4 to 1.7)   p=0.016
  Year 5                                                   1.4                     (1.2 to 1.5)            1.6                                   (1.5 to 1.8)   p=0.003
  Year 7                                                   1.4                     (1.3 to 1.5)            1.6                                   (1.5 to 1.8)   p=0.016
  Year 9                                                   1.6                     (1.4 to 1.8)            1.9                                   (1.6 to 2.1)   p=0.065
                                                           Reading                                                                                              
                                                           n=80 306 observations   n=34 376 observations                                                        
  Year 3                                                   1.4                     (1.2 to 1.5)            1.4                                   (1.3 to 1.5)   p=0.715
  Year 5                                                   1.4                     (1.2 to 1.5)            1.5                                   (1.4 to 1.7)   p=0.066
  Year 7                                                   1.3                     (1.2 to 1.5)            1.7                                   (1.5 to 1.9)   p=0.001
  Year 9                                                   1.6                     (1.4 to 1.8)            1.9                                   (1.6 to 2.1)   p=0.105
                                                           Writing                                                                                              
                                                           n=78 663 observations   n=33 213 observations                                                        
  Year 3                                                   1.3                     (1.2 to 1.4)            1.7                                   (1.5 to 1.8)   p\<0.001
  Year 5                                                   1.3                     (1.2 to 1.4)            1.7                                   (1.6 to 1.9)   p\<0.001
  Year 7                                                   1.3                     (1.2 to 1.4)            2.0                                   (1.8 to 2.2)   p\<0.001
  Year 9                                                   1.5                     (1.3 to 1.6)            2.0                                   (1.8 to 2.3)   p\<0.001
                                                           Spelling†                                                                                            
                                                           n=74 133 observations   n=32 587 observations                                                        
  Year 3                                                   1.3                     (1.2 to 1.4)            1.7                                   (1.6 to 1.9)   p\<0.001
  Year 5                                                   1.4                     (1.3 to 1.5)            1.8                                   (1.6 to 2.0)   p\<0.001
  Year 7                                                   1.3                     (1.2 to 1.4)            1.7                                   (1.6 to 1.9)   p\<0.001
  Year 9                                                   1.3                     (1.1 to 1.5)            1.5                                   (1.3 to 1.8)   p=0.103

Notes: Results are adjusted for maternal age and year of birth (matching variables), child gender, low birth weight, preterm, gender, calendar year of test, maternal marital status, SEIFA, rural/metro place of residence, illicit drug use and mental disorder.

\*p Value of difference in estimates between Indigenous and non-Indigenous cohorts.

Spelling tests were only conducted in Year 9 under NAPLAN not WALNA.

aOR, adjusted OR; NAPLAN, National Assessment Program -- Literacy and Numeracy; SEIFA, Socio-Economic Index for Areas; WALNA, Western Australian Literacy and Numeracy.

[Figure 2A--D](#F2){ref-type="fig"} displays the predicted probabilities of not meeting benchmarks by Indigenous status and diagnostic status. Overall it can be seen that the difference in estimated probabilities of not reaching benchmarks between children of mothers with an alcohol diagnosis and those in the comparison cohort was larger for Indigenous children than non-Indigenous children. There was a general pattern of increasing probability of not reaching benchmarks from Year 3 through to Year 7, with no increased risk at Year 9, a pattern more pronounced in the Indigenous exposed and comparison cohorts. The exception was for spelling where the risk increased further at Year 9 for Indigenous and non-Indigenous children regardless of exposure.

Educational benchmarks by timing of exposure {#s3c}
--------------------------------------------

There was no consistent pattern in terms of strength of association between diagnostic status and failure to reach benchmarks by the timing of the record of maternal alcohol-related diagnosis ([table 5](#T5){ref-type="table"}). There were some differences between Indigenous and non-Indigenous children. When a maternal alcohol-related diagnosis was recorded during pregnancy, the odds of not reaching benchmarks across testing domains were higher for Indigenous children (aOR range: 2.0**--**2.4) than non-Indigenous children (aOR range: 1.4**--**1.6). These differences were statistically significant at p\<0.05 for writing and spelling. Likewise, these differences were significant when a maternal alcohol-related diagnosis was recorded more than 1 year prepregnancy, up to 1 year prepregnancy or 1 year postpregnancy.

###### 

Binary mixed model: aOR of not reaching NAPLAN or WALNA benchmarks by timing of record of maternal alcohol diagnosis, Indigenous status and testing domain

  Timing of record of diagnosis   Non-Indigenous          Indigenous              Significance of difference in aOR\*                  
  ------------------------------- ----------------------- ----------------------- ------------------------------------- -------------- ----------
                                  Numeracy                                                                                             
                                  n=80 442 observations   n=35 102 observations                                                        
  No alcohol diagnosis            1.0                                             1.0                                                  
  GT 1 year prepregnancy          1.4                     (1.3 to 1.6)            1.5                                   (1.3 to 1.8)   p=0.449
  Up to 1 year prepregnancy       1.4                     (1.1 to 1.6)            1.6                                   (1.3 to 2.0)   p=0.195
  During pregnancy                1.5                     (1.1 to 2.0)            2.1                                   (1.7 to 2.5)   p=0.081
  Up to 1 year postpregnancy      1.5                     (1.2 to 2.0)            1.5                                   (1.2 to 1.8)   p=0.897
  GT 1 year postpregnancy         1.3                     (1.2 to 1.4)            1.6                                   (1.5 to 1.8)   p\<0.001
                                  Reading                                                                                              
                                  n=80 306 observations   n=34 376 observations                                                        
  No alcohol diagnosis            1.0                                             1.0                                                  
  GT 1 year prepregnancy          1.4                     (1.3 to 1.6)            1.6                                   (1.4 to 1.8)   p=0.219
  Up to 1 year prepregnancy       1.3                     (1.1 to 1.6)            1.3                                   (1.1 to 1.6)   p=0.913
  During pregnancy                1.4                     (1.1 to 1.9)            2.0                                   (1.6 to 2.3)   p=0.084
  Up to 1 year postpregnancy      1.5                     (1.1 to 1.9)            1.8                                   (1.5 to 2.3)   p=0.268
  GT 1 year postpregnancy         1.4                     (1.3 to 1.5)            1.5                                   (1.4 to 1.6)   p=0.061
                                  Writing                                                                                              
                                  n=78 663 observations   n=33 213 observations                                                        
  No alcohol diagnosis            1.0                                             1.0                                                  
  GT 1 year prepregnancy          1.4                     (1.3 to 1.6)            1.8                                   (1.6 to 2.0)   p=0.007
  Up to 1 year prepregnancy       1.4                     (1.1 to 1.7)            1.8                                   (1.5 to 2.2)   p=0.041
  During pregnancy                1.6                     (1.2 to 2.1)            2.4                                   (1.9 to 2.9)   p=0.018
  Up to 1 year postpregnancy      1.4                     (1.1 to 1.8)            1.8                                   (1.4 to 2.3)   p=0.130
  GT 1 year postpregnancy         1.3                     (1.2 to 1.4)            1.7                                   (1.6 to 1.9)   p\<0.001
                                  Spelling†                                                                                            
                                  n=74 133 observations   n=32 587 observations                                                        
  No alcohol diagnosis            1.0                                             1.0                                                  
  GT 1 year prepregnancy          1.5                     (1.3 to 1.6)            1.7                                   (1.5 to 2.0)   p=0.055
  Up to 1 year prepregnancy       1.4                     (1.2 to 1.7)            2.1                                   (1.7 to 2.6)   p=0.008
  During pregnancy                1.4                     (1.1 to 1.9)            2.3                                   (1.9 to 2.9)   p=0.007
  Up to 1 year postpregnancy      1.5                     (1.1 to 1.9)            1.8                                   (1.4 to 2.3)   p=0.238
  GT 1 year postpregnancy         1.3                     (1.2 to 1.4)            1.6                                   (1.5 to 1.8)   p\<0.001

Notes: Results are adjusted for maternal age and year of birth (matching variables), child gender, low birth weight, preterm, calendar year of test, testing year (3, 5, 7, 9), maternal marital status, SEIFA, rural/metro place of residence, illicit drug use and mental disorder; random intercept per child.

\*p Value of difference in estimates between Indigenous and non-Indigenous cohorts.

†Spelling tests were only conducted in Year 9 under NAPLAN not WALNA.

aOR, adjusted OR; NAPLAN, National Assessment Program -- Literacy and Numeracy; SEIFA, Socio-Economic Index for Areas; WALNA, Western Australian Literacy and Numeracy; GT, greater than.

Sensitivity analysis {#s3d}
--------------------

Using the restricted data set, the odds of failure to reach benchmarks in the exposed versus comparison cohorts are modestly reduced with adjustment for smoking in some testing domains, but mostly still remain significant (see online [supplementary table 2](#SP2){ref-type="supplementary-material"}). The aORs that were not statistically significant (in particular, for Year 7 in numeracy, reading and spelling in the non-Indigenous group) were not significant in the models without and with adjustment for smoking status.
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Discussion {#s4}
==========

This is the first Australian population study to use linked administrative data to examine school achievement using standardised testing among children of mothers with an alcohol-related diagnosis.

The study found that children of mothers with an alcohol-related diagnosis were significantly more likely than comparison children to fail to reach national benchmarks on standardised numeracy and literacy tests. The proportions of children of mothers with an alcohol diagnosis not meeting benchmarks ranged from 8% to 31% of non-Indigenous students and from 33% to 76% of Indigenous children. This compares to national figures indicating that less than 10% of all non-Indigenous and up to a third of all Indigenous students fail to achieve educational benchmarks.[@R1] With adjustment for confounders, the ORs for not achieving educational benchmarks were significantly higher among children of mothers with an alcohol diagnosis compared with comparison children for most tests (aOR range: 1.2**--**1.6 among non-Indigenous; aOR range: 1.4**--**2.0 among Indigenous children). It is possible that the confounding variables included were more appropriate for the non-Indigenous than the Indigenous children. Social inequalities in the health and well-being of Indigenous Australians compared with non-Indigenous Australians may be more influenced by social, historical and cultural factors, or be related to regional or community differences associated with the harmful use of alcohol, availability of interventions, quality of schooling and school attendance.[@R27] Furthermore, rates of harm associated with the use of alcohol among Indigenous Australians are much higher than for non-Indigenous Australians with negative impacts on child development, health and well-being.[@R28]

Overall the timing of the record of maternal alcohol diagnosis made little difference to the strength of association with school achievement. The detrimental effect of an alcohol-related diagnosis during pregnancy is consistent with previous studies that have mostly used measures of binge drinking.[@R14] In the only other study with comparable benchmark data, O'Leary *et al* found that higher proportions of children whose mothers reported to be drinking heavily in the first trimester of pregnancy failed to achieve benchmarks in reading, spelling and writing (but not numeracy) than children of mothers who abstained throughout pregnancy.[@R20] In contrast to our findings, Alati and colleagues found no significant association between postnatal binge drinking by the mother or a partner and school achievement, thereby attributing findings to intrauterine mechanisms.[@R18] Furthermore, a previous study using this cohort found that the risk of intellectual disability was highest when a maternal alcohol-related diagnosis was recorded during pregnancy.[@R29] It is therefore difficult to determine what proportion of the association can be attributed to prenatal alcohol exposure and therefore FAS, and the proportion that may be due to unadjusted confounding factors such as low levels of maternal education,[@R13] unstable and overcrowded housing,[@R18] and problems with family, peers or at school.[@R8] Another possible explanation is that women with alcohol-related diagnoses are likely to have persisting problems but no health service record of these during pregnancy.

A major strength of this study is the use of a population-based cohort of non-Indigenous and Indigenous mothers, and information about diagnosis that precedes the measures of educational outcomes. In addition, the exposed cohort (having an alcohol diagnosis) was identified based on standard ICD-9 and ICD-10 classifications, and educational outcomes are comparable with national and state benchmark data. Our results are therefore generalisable in the Australian context, and results for the non-Indigenous population are comparable in other populations that collect standardised school performance data, although similar studies in other settings may also reveal significant differences by ethnicity.

Loss to follow-up is unavoidable---71.1% of the birth cohort linked to an achievement record partly because data were limited to public schools. Participation rates were also lower in the exposed versus the comparison cohorts, and especially among Indigenous children of mothers with an alcohol diagnosis. Another limitation is the definition of the cohort---these are serious alcohol use disorders and there will be women in the comparison cohort who may use alcohol at high levels, but have not had a hospital admission or contact with mental health or drug and alcohol services for it. The presence of FAS cases in the comparison cohort as previously described[@R24] attests to this misclassification, which will lead to a bias in the measure of effect towards the null. Finally, as an observational study, it is likely that there are a number of residual confounding factors that we are unable to adjust for that may account for the greater risk of academic failure among children exposed to maternal alcohol disorders. These include factors associated with the family, school and neighbourhood environment, as well as other child development issues associated with alcohol exposure and cognitive development.

Conclusions {#s4a}
-----------

Altogether, 18 486 children born between 1989 and 2007 in WA were identified as having a mother with an alcohol-related diagnosis (7515 Indigenous and 10 971 non-Indigenous children). A high proportion of children of mothers with an alcohol-related diagnosis failed to meet minimum benchmarks, particularly Indigenous children. Identifying and addressing harmful maternal alcohol use in pregnancy and providing support to these mothers could improve educational outcomes of children. Furthermore, early identification and interventions aimed at targeting children exposed to maternal alcohol use disorder (and multiple risks) may improve longer term educational outcomes for these high-risk children.
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